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Abstract
By means of a model-independent analysis, we discuss the constraints on
anomalous trilinear gauge-boson couplings that can be obtained from the study
of electron-positron annihilation into W pairs at LC with
p
s = 0:5 TeV and
1 TeV . We consider the general CP conserving anomalous eective Lagrangian,
as well as some specic models with reduced number of independent couplings.
The analysis is based on combinations of observables with initial and nal state
polarizations, that allow to separately constrain the dierent couplings and to
improve the corresponding numerical bounds.
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The values of the WW andWWZ couplings, and the corresponding non abelian















colliders is particularly important because, for such process, de-
viations from the SM predictions due to anomalous values of the trilinear coupling
constants are signicantly enhanced by increasing the CM energy, and the related
sensitivity is improved. The general anomalous trilinear gauge boson Lagrangian
has a complicated structure, containing both CP violating and CP conserving inter-
actions. The set of cross-section measurements for process (1), relevant to the CP
violating couplings and their separation, was discussed in Ref.[1].
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In what follows, we examine the possibility of constraining the CP conserving


































































































































= 0. As Eq.(2) shows, in general we have ve independent couplings.
Models with smaller number of anomalous couplings naturally obtain in the frame-
work of the eective theory, where the existence of some new interaction, acting at
a mass scale  much higher than the Fermi scale, is assumed. In this case, anoma-
lous couplings originate as remnants of such interaction at lower energy scales, in the
form of corrections to the SM suppressed by inverse powers of  [5]. Specically, the





















is the SM interaction and the second term, representing the `low-energy'
new interaction eects, is expressed in terms of SU(2)U(1) gauge invariant opera-
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A discussion of constraints on the C and P violating (but CP conserving) anapole coupling from











not xed by the symmetry. Truncation of the sum in Eq. (3)
to the lowest signicant dimension, d = 6, limits the number of allowed independent





























































with ~ the Pauli matrices. Eq. (4) implies the

































































More relations occur from further specializations. An example is represented by































As an alternative to the above formulation, the number of independent trilinear
anomalous can be reduced by the assumption of global SU(2)
L
symmetry of Eq. (2),
which directly implies the relation x
Z






plus the neglect dimension 6




= 0, and imposing the cancellation at order
s
2
of the tree-level unitarity violating contributions to WW scattering, which in turn








[8, 9]. In this case, therefore, only one
independent parameter remains.
As previously noticed, in the general case of Eq. (2) the ve independent trilin-
ear constants cannot be separately studied and constrained by the unpolarized cross
5
Such spontaneously broken gauge invariance requirement for the new interaction is naturally
justied on phenomenological grounds. Similarly, lepton couplings are assumed to be unaected by
the new interaction.
6
The same as in Eq. (6).
2
section alone, which depends on all the couplings. Separate measurements of the
cross sections for specic initial and nal states polarizations, depending on indepen-
dent combinations of the trilinear coupling constants, give the necessary additional
information that allows to disentangle the couplings in a model independent way.




polarizations (LL, TL and




ones (RL and LR) should determine
a sucient set of observable cross sections.
The basic objects to be studied are the potential deviations of the polarized
cross sections from the SM predictions due to nite values of anomalous couplings in
Eq. (2):
 =    
SM
: (8)
Limiting to the Born level -, Z- and -exchange amplitudes:































helicities. Using the explicit
helicity amplitudes given, e.g., in Ref.[4], and the Lagrangian Eq. (2), the amplitudes
deviations A's with initial beams and nal W 's specic polarizations have the

















































































polarizations LL, TL + LT and TT respectively, while the upper indices a



























































As a procedure to quantitatively assess the sensitivity of the dierent cross sections
to the gauge boson couplings, we divide the experimentally signicant range of the




























represents the expected number of events in the i-th bin with

i
























reconstruction in the various polarization states is
taken as "
W
' 0:3 [10]-[13] from the channel of lepton pairs (e + ) plus two
hadronic jets and the corresponding branching ratios. In fact, the actual value of "
W
for polarized nal states might be considerably smaller, depending on experimental
details [10], but denite estimates are not available at present. As a compensation,
for the time-integrated luminosity which is multiplied by "
W
everywhere, we assume









for the NLC (1000).
In the case no deviations were observed in the cross sections under consideration,
allowed regions for the anomalous coupling constants can be are obtained by adopting,








is a number that corresponds to the
chosen condence level. Since each polarized cross section involves two well-dened
combinations of anomalous couplings at a time, as Eqs. (10)-(12) show, with two





Since, in practice, initial beams polarization will not be perfect, to adapt the
4



























































production, for both possibilities of the electron beam longitudinal
polarization. The typical resulting area, allowed to the combinations of anomalous
couplings in Eq. (10) at the 95% CL for both
p
s = 0:5 and 1TeV , can be directly

























so that only x








projections of the combined allowed area on the horizontal and vertical axes.

















we obtain the allowed region for the combinations




















































































































Table 1: Model independent limits on the ve CP even nonstandard gauge boson
couplings at the 95% CL.
p





















0:5  2:0 2:2  11:0 10:6  52 45  51 59  22 30
1  0:6 0:6  3:2 3:4  19 16  18 20  5:7 6:2
Table 2: Limits on anomalous gauge boson couplings at the 95% CL for the models
with three, two and one independent parameters.










































0:5  2:0 2:2  3:8 3:8  1:2 1:1  7:0  7:5  12:8 13:7
1  0:6 0:6  1:1 1:1  0:3 0:3  4:0  4:5  7:3  8:2
















































0:5  1:8 1:8  2:1 2:1  1:0 1:0  6:6  6:8  12:1 12:4
1  0:5 0:5  0:6 0:6  0:3 0:3  3:0  2:4  5:5  4:4

































0:5  1:1 1:1  2:6 2:6  0:6 0:6 0 0





















































. Adding these constraints to




, we nally obtain, by this simple procedure,
separate bounds for the ve anomalous couplings.
With the chosen inputs for the luminosity and the beam polarization quoted
previously, numerical results are as reported in Tab. 1.
Tab. 2 summarizes the numerical bounds that can be obtained from our analysis
of the models with smaller number of independent anomalous couplings introduced
previously. Comparing to the results in Tab. 1, one can observe that 
Z
can be more
tightly constrained in this case than in the general one. Concerning y

, the most















are obtained in the same way as above, and are numerically identical.
Finally, in the two-parameter model of Ref. [5], due the relation (7) among the cou-
plings, 
L
numerically proves to be more sensitive than 
R
. Concerning nal state
polarizations, the bound on x





production, while that on y

involves the combination of both LL and TL+ LT polarized cross sections.
In summary, the obtained results indicate that the analysis of the cross sections
of process (1) with denite initial and nal polarizations potentially allows to derive
separate, and model dependent, contraints CP conserving couplings in Eq. (2) with
considerable sensitivity, typically of the order of 10
 3
or better, depending on E
CM
.
Particularly stringent bounds can be expected for dynamical models beyond the SM
with reduced number of independent couplings.
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